The use of multivariate techniques for factor analysis is an efficient alternative for coffee breeding programs. This study aimed to evaluate the genetic diversity of 60 genotypes of conilon coffee based on agronomic performance in the northern state of Espírito Santo and to estimate the relative contribution of different agronomic characteristics towards the diversity of the species. The data were collected in an experiment conducted on the Experimental Farm of Bananal do Norte (Instituto Capixaba de Pesquisa, Assistência Técnica e Extenção Rural -INCAPER) in the southern state of Espírito Santo, and 12 agronomic characteristics were evaluated over four sequential harvests (4 years). Significant differences between the genotypes were observed for all of the characteristics, indicating the possibility of exploiting the high genetic variability to classify the genotypes into different groups based on their similarities. Of the agronomic characteristics, the duration of the ripening cycle was the variable that contributed the most to the variability among the 60 genotypes, with a relative contribution of 70.02%.
INTRODUCTION
Coffea canephora presents high crossfertilisation and self-incompatibility; therefore, populations of this species of coffee tend to express significant variability with regard to many agronomic traits, such as plant architecture, duration of ripening cycle, uniformity of maturation, size and weight of grains, susceptibility to coffee pests, and productive potential (FONSECA, 1999) .
Since 1985, the Instituto Capixaba de Pesquisa, Assistência Técnica e Extenção Rural (INCAPER), formerly Empresa Capixaba de Pesquisa Agropecuária (Emcapa), has been developing a breeding programme for conilon coffee, selecting and evaluating genotypes with desirable agronomic characteristics, assembling and recombining the superior genetic material, and ensuring the continued genetic variability of the species . With the breeding program, INCAPER was responsible for releasing nine cultivars of conilon coffee, recommended for the State of Espírito Santo, 8 clonal cultivars (Emcapa 8111, Emcapa 8121, Emcapa 8131, Emcapa 8141 "Robustão Capixaba", Incaper 8142 "Conilon Vitória", Incaper 8112 "Diamante", Incaper 8122 "Jequiitibá" and Incaper 8132 "Centenária") and 1 propagated by seeds (Emcaper 8151 "Robusta Tropical").
For years, the main criterion for the selection of coffee genotypes to be used in new cultivars was the crop yield. However, the current breeding programmes have been investigating several others agronomic characteristics with the objective of increasing the efficiency of the selection process (SEVERINO et al., 2002) .
For the process of plant breeding, studies about genetic diversity are essential to provide information for the identification of desirable parents, which can be used for crossings and allow the exploitation of heterosis, ensuring a greater chance of success in the recovery of superior genotypes in segregating generations. Furthermore, studies on genetic diversity can allow inferences to be made about the genetic basis of the studied population (ALI et al., 1995; CRUZ et al., 1994; FALCONER, 1981) .
The use of multivariate techniques for factor analysis is an efficient alternative for coffee breeding programmes (FERREIRA et al., 2005) . Using a set classification criteria, cluster analysis aims to bring together genotypes into groups that present higher homogeneity for the measured characteristics, which highlights the heterogeneity between groups (FONSECA et al., 2006) . This 1644 Diversity among genotypes… RODRIGUES, W. N. et al. procedure requires the estimation of the similarity or dissimilarity between genotypes and the adoption of a clustering technique to form the groups (CRUZ & REGAZZI, 1994) . This study aimed to evaluate the genetic diversity of 60 genotypes of conilon coffee based on their agronomic performance in the northern state of Espírito Santo and to estimate the relative contribution of different agronomic characteristics to the diversity of the species. ; and late: NT-01, NT-02, NT-03, NT-04, NT-05, NT-06, NT-07, NT-08, NT-09, NT-10, NT-11 NT-12, NT-13, NT-14, NT-15, .
MATERIAL AND METHODS

The experiment was established in
The experiment followed a statistical design of randomised blocks, with four replications and experimental plots composed of four plants arranged in a line, planted with a spacing of 3.5 x 1.2 meters.
The agronomic traits were evaluated over the first four harvests, between 2006 and 2009, and the mean of 4 years for each characteristic were calculated.
The severity of naturally occurring pests, such as leaf rust (Hemileia vastatrix -RUS), brown eye spot (Cercospora coffeicola -BES), dieback (DIE), and leaf miners (Leucoptera coffeella -LMI), was evaluated accord to descriptive scales based on the method proposed by Eskes & Costa (1983) . The scales establish different levels of severity between score 1, corresponding to the absence of injury, and score 9, indicating a large number of affected leaves or diseased branches, with significant leaf fall.
The canopy size (CAN) was evaluated with a descriptive scale using scores from 1 to 3, where 1 is low, 2 is medium, and 3 is high. The vegetative vigour (VIG), expressing the potential of development and growth of the plant, was asserted using scores from 1 (not productive, notably depleted, and presenting severe defoliation) to 10 (maximum vigour). The plants were evaluated with a visual assessment index (VAI), demonstrating their potential for development even when subjected to environmental and metabolic stresses, and were evaluated with scores from 1 to 10, where higher scores correspond to better development.
The fruit size (SIZ) was studied using scores from 1 to 5 according to size classes based on the descriptors of the Serviço Nacional de Proteção de Cultivares (SNPC), which features five classes: very small, small, medium, large, and very large (Guerreiro Filho et al. 2, 008) .
The uniformity of maturation (UNI) was evaluated using a scale from 1 to 3, where 1 corresponds to over 90% mature fruits, 2 corresponds to intermediate maturation, and 3 corresponds to uneven maturation, with less than 50% mature fruit and the presence of fruits from all stages of maturation.
The percentage of fruits with empty locules (FEL) was determined through separation and direct counting of the fruits with this defect.
After ripening, the fruits of each experimental plot were harvested, dried, processed, and weighed to determine the mass of processed coffee, in bags of 60 kg, produced by each genotype, in each plot. Using the spacing and the number of plants that would fit in one hectare, the value of the plots were converted to crop yield (YIE), expressed in bags of 60 kg of processed coffee per hectare per year.
The duration of the ripening cycle (CYC) was evaluated in days between flowering and the full maturation of the fruits when they reach a level sufficient to perform the harvest (FERRÃO et al., 2007) .
The experiment was conducted following the current management practices recommended for the cultivation of conilon coffee in the Espírito Santo state (FERRÃO et al., 2007; PREZOTTI et al., 2007) .
The data were subjected to analysis of variance by the F test (at 1 and 5% probability) and, 1645 Diversity among genotypes… RODRIGUES, W. N. et al.
based on the detection of significant differences between genotypes, were classified into homogeneous groups according to the Scott-Knott criteria.
The genetic divergence was assessed by means of multivariate cluster analysis. The Mahalanobis distance was used as a dissimilarity measure, from which a dendrogram was constructed using the nearest neighbour method. The optimisation technique based on the method proposed by Tocher and cited by Rao (1952) was used for delineation of the groups. The relative importance of each agronomic characteristic was calculated by the method proposed by Singh (1981) based on the total partition of the estimative of dissimilarity between pairs of individuals. The analyses were performed with the statistical software GENES (CRUZ, 2013) .
RESULTS AND DISCUSSION
The analysis of variance indicated the presence of significant differences among genotypes for all agronomic characteristics evaluated in the experiment, indicating the expression of variability. Other genetic studies involving C. canephora also highlighted the existence of differences between genotypes regard different characteristics, such as crop yield, number of orthotropic and plagiotropic branches emitted per plant, canopy size, plant height, fruit size, beverage quality, maturation cycle, percentage of fruits with empty locules, length of reproductive branches, and stem diameter (FONSECA, 1999; FERREIRA, 2003; FONSECA et al., 2006; FERRÃO et al., 2008) .
These results demonstrate the significant variability that exists for this species, an initial condition that is favourable for a breeding programme designed to enhance those agronomic characteristics, making it possible to identify genotypes with superior characteristics and to explore those in breeding programs.
In the univariate study, according to the Scott-Knott criteria, there were distinct groupings for all of the agronomic traits (Table 1) . It was possible to identify a large number of different groups for fruit size and duration of the ripening cycle, followed by the percentage of fruits with empty locules; six and five homogeneous groups were formed, respectively. For rust severity, canopy size, vigour, visual assessment index, uniformity of maturation, and crop yield, the genotypes formed four groups. For brown eye spot and dieback severities, it was possible to identify three homogeneous groups. Among all of the characteristics, there was greater homogeneity for the means of severity of leaf miners, with the differentiation of only two statistically distinct groups; therefore, this is one of the traits with lesser variability within the set of agronomic traits studied in the experiment. RUS  BES  DIE  LMI  CAN  VIG  VAI  SIZ  UNI  FEL  YIE  CYC  - The mean for crop yield over the four seasons was 63.58 bags per hectare, showing the significant productive potential of some genotypes and their ability to maintain this production throughout the years. It is worth noting that the overall mean of crop yield of the genotypes is approximately three times the overall mean for conilon coffee in the state of Espírito Santo. Furthermore, the means for the severity of the naturally occurring phytosanitary problems in the region were relatively low, without any highly severe scores. This fact demonstrates that those genotypes already show some resistance to the major coffee pests, resistance that was obtained during the selection processes used in the breeding programme from which they were extracted.
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Regarding the dissimilarity between the pairs of genotypes, estimated by the Mahalanobis distance, larger distances are observed between pairs of genotypes from populations with different ripening cycles, as observed between the genotypes NP-13 (early ripening) and NT-16 (late ripening), among which the largest distance were observed (D 2 = 604.49). The lowest dissimilarity was observed between NT-12 and NT-20, both belonging to the late ripening cycle population with D 2 equal to 7.61. The genotype NP-14 stood out as one of the most dissimilar, in general, as well as the genotype NP-13, which belonged to 13 of the 30 largest distance groups observed in the study (NT-01, NT-03, NT-05, NT-06, NT-07, NT-11, NT-12, NT-13, NT-15, . The genotype NI-15, although showing considerable distances for some genotypes (NP-01, NP-02, NP-04, NP-13, NP-14, and NP-20), proved to be, in general, more similar to the others genotypes. The relative contribution of each variable to the differentiation of the genotypes is shown in Table 2 . The relative contribution of each agronomic trait in studies of genetic divergence can help to identify those most important for the differentiation of genotypes and can help identify the characteristics that contribute less to the evaluation of the genetic material, allowing better planning and management of the selection to reduce the time and cost of the experimental evaluations (PEREIRA, 1989; CRUZ et al., 2006; FERRÃO, 2004) . The duration of the ripening cycle was the variable that contributed the most to the variability among the genotypes, with a relative contribution of 70.02%. This result, combined with the importance that this agronomic trait has for planning the cultivation of this crop, particularly for predicting the period of harvest, demonstrates the importance of maintaining this characteristic in the experimental evaluations. The classification for maturation cycle allows the definition of groups of more homogeneous genotypes regarding the time when their fruits complete the process of physiological maturation and hence the determination of the period in which the harvest must be performed.
The clustering based on the Mahalanobis distance is presented in Figure 1 . Considering a cutoff value of 0.70 for similarity in the dendrogram, six groups of genotypes can be delimited. Although the maturation cycle has been the most important feature to explain the genetic variability, the genotypes were not grouped together only using this feature.
Using the Tocher method (Table 3) , nineteen genotype groups were formed. It is possible to observe the influence of the maturation cycle on the formation of groups, with the groups formed solely by genotypes of the same cycle. The groups I, IX, XI, and XVIII show a higher proportion of genotypes from the early cycle, whereas the groups VI, XIV, XVII, and XIX contain a higher proportion of genotypes from the intermediate cycle, and the groups V, XII, and XIII contain genotypes from the late cycle. The groups II, III, IV, V, VII, VIII, X, XV, and XVI were formed by genotypes that did not show a specific cycle tendency.
The formation and characterisation of genotype groups are essential to guide the selection of parents in breeding programs, to establish combinations based on the magnitude of the dissimilarity between genotypes, and to explore the potential of parents by selecting dissimilar parents that also present high agronomic performance. Cruz et al. (2004) suggest employing individuals with different patterns of dissimilarity in the breeding programs, evading the restriction of the genetic variability and providing greater gains through the selection process. 
CONCLUSIONS
The genotypes of conilon coffee selected in Espírito Santo state feature high diversity for all agronomic characteristics studied, making it possible to explore the genetic variability for the classification of genotypes in different homogeneous groups.
The duration of the maturation cycle is the agronomic characteristic that has the highest relative contribution to the observed diversity.
RESUMO:
A utilização de técnicas multivariadas de análise de fatores é uma alternativa eficiente utilizada no melhoramento genético do cafeeiro. O presente trabalho objetivou avaliar a divergência genética de 60 clones de café conilon, selecionados pelo seu desempenho no norte do Estado do Espírito Santo, e estimar a contribuição relativa de diferentes características agronômicas para a diversidade da espécie. Os dados foram coletados em experimento conduzido na Fazenda Experimental Bananal do Norte (INCAPER), considerando 12 características agronômicas, avaliadas através de médias de quatro safras. Diferenças significativas entre os genótipos foram observadas para todas as características avaliadas, indicando a possibilidade de exploração da alta variabilidade genética para a classificação dos genótipos em diferentes grupos homogêneos, baseado em suas similaridades. Dentre as características agronômicas, a duração do ciclo de maturação foi a variável que mais contribuiu para a variabilidade entre os 60 genótipos, com contribuição relativa de 70,02%.
